Abstract
Introduction
Emotional responses to a video content may well be one of the most complex tasks that humans can accomplish. There has been a research trend towardsthe affective computing community todevelop a stimuli repositories and recognize human emotions stimulated by watching video clips, as shown in Table 1 . When watching a video, aperson experiences emotion based on his/her cognitive perception and appraisal of the situation depicted in the video [1] . For this reason, it is necessary to understand a human cognitive perception of a given situation and its relation to his/her emotions [2] .
Although there is an increasing interest in the recognition of emotions using video stimuli, many questions remain; how do the videosevoke emotions, and to what extent can they do so?To answer these questions, for a start, a set of video stimuli needs to be established.The aim of this study is to provide such stimuli set. Here, four categories of emotionare used; 'happy', 'calm', 'sad', and 'fear'. They are defined on the dimensions of valence and arousal. Valence ranges from positive (pleasant) to negative (unpleasant) while arousal ranges from excited (active) to calm (passive). As presented in Figure 1 , the corresponding dimensions of valence and arousal are depicted as horizontal and vertical axes, respectively, on a Cartesian coordinate space. The video stimuli set have to consist of 2 2 = 4 videos of expressions corresponding to the combinations of {pleasant, unpleasant}  {active, passive} for each of the emotions.
Two experiments were conducted in order to validatethe video-clip stimuli. In the preliminary experiment, the participants rated the video clips based on the valence and arousal judgement. The aim was to determine which video clips that can be clearly identified (in terms of emotional response) within an optimal duration of time. In the validation experiment, these video clips were rated to findthe ones with highest accuracy that would form the dataset. The rest of the paper is organized as follows: Related works are reviewed in Section 2. Section 3 present and described the material and method. Section 4 presents development of stimuli. Current open issues, future work, and conclusions are covered in Section 5. 
Related Works
Emphasizing on development of the stimuli set, reviews on seven selected scientific literatures were done based on several categories including the database name,stimuli set size as well as affect representation as shown in Table 1 . With regard to the affect representation, one study used discrete approach to describe emotion, while some others represented emotions in either 2D valence-arousal space or 3D valencearousal-dominance, as suggested by psychologists. Although there are many sets of video stimuli as mentioned above, most of them are protected by copyrights and thus not freely available. For video stimuli that were freely available online, some of them no longer do. This prompts the need of a freely available dataset thatis suitable for research on human emotions. 
Materials and Method

Emotional Model
The most straightforward way to express emotions is by using categorical approach or discrete labels, such as 'anger', 'contempt', 'disgust', 'fear', 'sad', 'surprise', and 'happy'. On the other hand, psychologists often express emotions in an n-dimensional space. Russell [9] proposed a two-dimensional affective space model for measuring emotions known as circumplex model of affect. It is composed of valence and arousal.
Bialoskorski et al., labeled emotional states with colours [10] , as illustrated in Figure 1 . Happy emotional state, indicated in orange, is defined as having positive valence and high degree of arousal. Calm emotional state, indicated in green, is defined as having positive valence but low degree of arousal. Sad emotional state, indicated in blue, is defined as having negative valence and low degree of arousal. Fear, indicated in red, is defined as having negative valence but high degree of arousal.
Self-Assessment Manikin (SAM)
Representation
The commonly used technique to validate the emotion stimuli is SAM [11] . SAM is a self-reporting affective state measurement, using cartoon like manikin (see Figure 2 ) to plot basic emotions on the affective space. A nine-point pictorial scale was utilized for the purpose of this study. In the following, two sets of manikin were used. The first set is the scoring for valence, the range is from nine (happy) to one (sad). The second set is the scoring for arousal, the range is from nine (active) to one (passive). In order to measure the agreement between emotion labels from video clips and that of SAM, the SAM arousal and valence scores were translated into four emotional states: 'happy', 'calm', 'sad', and 'fear' as described in Section 3.1. Based on the two axes in Figure 1 , each participant had to select one of the SAMs. A SAMis defined as 'happy' when the levels of valence and arousalare above 5:
'Calm' is when the levels of valenceis above 5 and arousal below 5:
'Sad' is when the levels of valence is below 5 and arousal below 5: 
Experiment Protocol and Setup
The participants were briefed about the experiment through a consent form and a verbal introduction. Participants were also instructed on how to fill in their SAM forms. The approximate time interval between the start of a trial and the end of the self-reporting phase was three minutes and ten seconds. Eights video clips were played from the proposed dataset in random order for each participant. The entire protocol took 30 minutes on average, in addition of five minutes of setup time (see Figure 3) .
The proposed video set consisted of video clips selected from Asian movie scenes, commercial advertisements, and online resources. The selection criteria for the video clips were as follows: (i) the video clips should be understandable without explanation, (ii) the duration of the video clips should be relatively short, and (iii) the video clips should evoke only one emotion (rather than multiple emotions) from the participants. After watching each video clip, the participants were given an SAM form each and asked to provide the following information: (i) valence score, (ii) arousal score, and (iii) the confirmation if they watched the clip prior to the experiment. The experiment was performed in a classroom environment with controlled temperature and illumination.
Development of Stimuli
Description of the Video Set
In this proposed set of video-clip stimuli, four categories of emotion ('happy', 'calm', 'sad', and 'fear') were set. The clips were taken from different films and shows of various genres to express these emotions. In a study done by Ekman, happiness, sadness, and fear were considered as basic emotions [12] . Calmness was notconsidered as a basic emotion in Ekman's study, butitis in this study as the opposite of fear, mirroring the fact that happiness is the opposite of sadness.
'Happy', 'calm', 'sad', and 'fear'are defined as regions along valence and arousal axes as illustrated in Figure 1 , together with their explanations in Section 3.1.
'Happy' videos are considered as 'arousing' and 'pleasant'. 'Calm' videos are considered as 'low arousing' and 'pleasant'. 'Sad'video is considered as 'low arousing' and 'unpleasant'. 'Fear' videos are considered as 'arousing' and 'unpleasant'.
To calculate the participants' perception rate (in percentage) in recognizing an emotion in a happy video, V h , the following formula is used:
where n is the group size of the participants,lh i is the emotional intensity level of each participant when they watch a happy video. Likewise, equation (5) can be re-written for Calmness, Sadness and Fearness intensity level as , and . 
Material
The set of 29 video clips consisting of four categories of emotion were used for the preliminary study. Some of these clipscame with English subtitles. The experiment also examined the role of language in the study of emotions for multiracial participants.The duration of the clipsvaried between 20 seconds to 177 seconds, with M of 87.10 seconds and SD of 37.28 seconds.
Procedure
Each participant wasasked to fill in the SAM form after watching a video clip. Eight video clips were rated by each participant. They were also asked to confirm if they have viewed the clips before; the aim was to obtain their genuine emotional responses. Table 2 lists the video clips used in preliminary and validation experiments. They are presented and organized by categories of emotion ('H' for 'happy', 'C' for 'calm', 'F' for 'fear', and 'S' for 'sad'). The percentage of the best recognition, duration, and result from the preliminary experiment are shown for each video clip.The result of preliminary experiment is shows in Figure 4 . 20 out of 29 video clips are included for validation experiment; consist of five happy videos, five calm videos, five sad videos and five fear videos. 
Results
Discussion
In general, video clips'that express sadness and happiness were slightly better recognisedcompared to those expressing calmness and fear. Psychologists suggested videos to be 1 to 10 minutes of lengthto evoke a particular emotion [13] . For this reason, Video 8 was excluded from the data set eventhough the accuracy was high, due to its short length. However, video 26 also excluded from the data set, due to the long duration. The results showed that the participants recognized multiple emotions in video clips that have durationsof more than two minutes.
Additionally, some of the video clipsthat had no subtitle failed to be recognized by participants. It shows that language plays an important role in recognizing emotions.
The participants could still correctly recognize the videos' emotions eventhough it was theirfirst time watching them. A total of 20 video clips were included for validation experiment. 
Material
The set of 20 video clips consisting of fourcategories of emotion from the preliminary study was used. Due to language barrier, English subtitles were added to every video clips to avoid failure of recognition. The video clips' durations varied between 60 seconds to 103 seconds, with M of 76.6 seconds and SD of 16.20 seconds.
Procedure
Similar with the preliminary study, participants were asked to fill in their SAM forms after watching a video clip. Eight video clips were rated by each participant. The participants were also asked if they had seen the video clips before. 
Results
The percentage of the best recognition, duration, and result from the validation experiment are shown for each video clip, as listed in Table 2 .The result of validation experiment is shows in Figure 5 .
In the validation experiment, each video was rated four times in average. For each video clip, the recognition result was based on the user perception percentage on the video clips with certain expected emotions.Finally, 16 out of 20 video clips are included for data set; consist of four happy videos, four calm videos, four sad videos and four fear videos.
Discussion
Ultimately, 16 videos were chosen from the validation experiment. Only videos with the recognition accuracy of more than 60% were included for the stimuli dataset. In addition, with regard to the duration, the video clips were kept as short as possible to avoid multiple emotional recognition.
General Discussion and Conclusion
In this study, a set of video stimuli had been proposed. Some important issues were discussed; specifically, the duration of the video clips, the authenticity of participants' emotions while watching the video clips, and finally the use of subtitles for multiracial participants. The use of SAM had also been shown to be an effective tool to recognize emotions from valence and arousal dimensions. 
